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Abstract

A sixth set of heavy ion single event
cffects (SEE) test data have been collecled
since the last IEEE publications (1, 2, 3, 4) in
Doecember issues of IEEE - Nuclear Science
Transactions for 1985, 1987, 1989, 1991 ano
the HED Workshop ecord, 1993 (b).
Trends in SEE susceptibilily (including sofl
enors and lalchup) for state-of-the-arl parls
are evaluated.

Itroduction

Ongoing Sttt test programs at JP°L,
The Aerospace Corporation, the B uropean
Space Agency (ESA), CNES and other
organizations ate continuing; 10 assess
specific pairl performance for inlerplanctary
and satellite environments and to establish
SEE response frends of an ever-increasing
body of devices.

In 1985, Nichols ¢t al (Ref. 1)
published the first nearly comprehensive
listing of SEH 1esl data for 186 parls.  This
presentation was updated in 1887 (Ref. 2)
with the publication of date {for 83 additional
parls, in 1989 (Ref. 3) with data for 164 paits,
i 1991 (Rel. 4) with data for 182 parls, and
m 1993 (Rel. H) with data for 165 parls. In
this paper, the authors extend the data base
for 284 new parls. As hefore, the dala are
collected according to technology, funclion

and manufacturer in order to identify trends,
genetalizations snd data gaps.

Testing Approaches

The experimental procedutes, such as
those used by JPL and The Acrospace
Corporation, e evolutionary  and atre
described in detail from time 1o time in
Decembaer issues of IEED Transactions on
Nuclear Science (6,7) or inin-house reports.
In general, procedures comply with the
guigehnes for SEE testing set forth by the
ASTM 111 document (8).  ‘They also
comply with a JEDEC 13.4 document
presently in preparation (9).

Organization and Scope of Data

This paper summarizes sofl error and
alchup experimental test data from the Jot
Propulsion | aboratory (JPL), The Aetospace
Corporation (A), the Goddard Space | light
Center (GDD), John Hopkins Applied Physics
L aboratory (JH), Centre National D' tudes
Spatiales (CNES, France), Furopean Space
Agency (E SA), Lawrence Livenmore National
L aboratory (1UNL)  and other St teslers.
These dale are provided directly to dPL or
wore otherwise made available 1o the
community duting the two-year period from
January, 1993, through December, 1994,
We are pleasced o include smaller SEE - data
sels generated by all U, S and foreign
rescearchoers when these data are made



directly available to us. Not included are data
sels on power transistor SEE obta ined by
JPL, Rockwell, Boeing and others anti
published by Nichols et al (10) in 1994,

‘1 he SEE data presented here and in
the previous five reports (1 ,2,3,4,5) represent
a substantial inajority of all 1est dater obtained
on St 1 throughout the wotld. Some
additional data may exist in other arlicles of
this conference's IEEE Workshop Record ot
Transaclions, in other journals or in publishied
and unpublished pres entatlions of St |
symposia.

The data from all organizations arc
summarized and collected together even
though there may be some differenices in the
dala from each org anization. I or example,
JI' defines the threshold LE ‘1 as that value
of LT “1 where sofl errors are first counted at
flucnces of 106 jons/cm?; Acrospace now
defines their 111 threshold as occurring at
that point where 1)(! measut ed upset cross
section is ().01 times themeasured maximuim
cross section, CNE S reporls a threshold at
0.1 times the saluraled cross seclion. JP1's
definition virtually guarantees no upsct below
threshold but resulls in an overestimate of
crror rale if the cross scction is erroncously
assumed to be constantat all 1 F Ts greater
than the threshold 1Y 1. Specilying a
threshold 1 FTat a fraction of the saturated
cross section atternpts to approximate the
error rate better, but it introduces an arbittanry
factor (to account for the slope of the cross
seclion vs. 1t ‘1) and an asstmption that the
saturated value is known and/or achicved
with the highest 111 testions.

The best way to caiculate errorrates is
to use the full curve of cross section vs, 11,
which may be available from the parent test
organization | and integrate it over all angles
and allions of various 1 I “1s. But even this
method, which involves the use of  a
computer, relies  critically  on what
assumptions ate made aboul grazing ion
impacts and the dimensions of the device
cell's sensitive volume.

All data are now presented here in one

table, for the first time.  All data listed here
represent a substantial abbreviation and
ignore statistical features altogether. [E1
litits are for notninal ¢ flective values without
correction for degradation thal can occur
when an ion traverses device overlayers.,
Gold dala, in particular, are seldom a s
damaging as onc would expect on the basis
of nominal 1 t “1 and such data are labeled
when known. ST tests use a  dynamic
nominal bias (often 4.5 o1 5.0 V), latchup
lests are usoally petformed at the maximum
value of thenominal bias range (€. g. 5.5V) -
a condition us vally (butnot always)
enhancing the possibility  of  latchup.
Reported dala were  taken  at room
temperature otarmbicnt tempetrature; higher
lest tamperalure measurements do exist for
some parts. In patticular, latchup is known to
oceur more readily at higher temperatures.
In some instances, data on transionts is
noted, which may or may not impact
clectionics down the line. Cross scctions for
transicnts are strongly dependent on what
voltag ¢ (ot current) is taken as the definition
of a countable transient.  Hence, a system
designer inlerested in a specific parl is again
urged to contact the appropriate test
organization for further information.

Users are cautioned that
manufacturers  (Appendix | defines
manufacturer abbreviations) may often
change their process, and resultant St
susceptibilily,  without changing the  parl
number or notifying tester organizations.
Hence, a test of flight parls is always a good
policy.

Trends & Lirndtations

Trends and device compatrisons in the
recent data are offered in the  "Remarks”
colurmn of Tables 1 and in the following
scolion.  However,  the organized tabular
format is designed {o facilitale comparisons.
Special studies (such as variation of St
response with temiperature) or a comparison
between hioh energy (GANIL) heavy ion data
and that from the lower energy Berkeley 88-



inch cyclotron and BNI Van de Graafl are
beyond the scope of this presentation.

Some colle agues have commented
that a measurce of the shape of the cross
sections vs. | i might be useful - syuch as
given by a tab ulation of the Weibull
parameters. Others point oul that it may be
more difficuitio assure that such parameters
are properly derived and applied than it is to
calculate St t rates direclly from known (and
readily avail able) experimental cross
seclions.,

Prog ram managers concerned wilh
critical system reliability issues will ullimately
need an appropriate set of cross sectional
datalo assess statistical features and focus
on specific answers.  Ballpark estimates will
also have a place, however, by helping
assurce that expensive experiments arce
limited to only critical SEE issues.

An F valuation of SEF Data

All data are broken down according to
certain funclional categories for case of
reference and convenience in comparison.
‘1 he datain ‘1 able 1 can be broadly grouped
as microprocesso rs/microc ontrollers, logic
devices, HE O’s, all classes of HAMS, ROMg,
ASICs, gate arrays, A/D) and D/A converliors,
miscellancous  devices, DC/DC powel
converlers (for the first time), and a widely
expanded group of linear devices. In a few
instances a given device may belong 1o more
than one category but will usually ve listed it
only one. Hence someonce secking a specific
device should try several calegories if
necessat y.

f ollowing arc some highlights of ecach
of these cateqories.

Microprocessors & Microcontrollers

JPL, 11 Nl and others have obtained &
large body of St I data for microprocessors
this year, all with 32-bit and (in one case) 64-
bit capability (DF C's Alpha. )  Soft error
thresholds are consistently low for most of
these high-capability machines, with L f 1 (1h)

ranoing from  approximately 1 to 10
MeV/(mg/em?).  Animporlant exception is
the Mongoose (133000) RISC microprocessol
= a rad hard version of the R3000 based
"Cobra". Most of these microprocessors
were also very susceptible to lat ch up,
although the Mongoose and the T MS 681020
mictoprocessor (based on SOI techt yology)
were outstanding exceptions.

Kimbrough (1 1) obtained data for all
cormmercial manufacturers' 32-bit BRI SC
mictoprocessor that are presented in this
year's compilation.  t le compared his data
vs. similar datareported carlier by E SA (12),
onthe basis of diffcrent test approaches. t e
notes also that registers and funclional
blocks using register architecture dominate
the SE teross section. It is interesting 1o
note that the B3000A, which is a 60%
"physical" shrink of the 3000, exhibits a ~3
limes larger cross seclion y-- showing that
physical device size is not, by itself, a useful
figure of menit,

1 esting of iicrocontrollers and various
other processors included 8-bit, 1 6-hit and
32-bit machines, All of these devices wet e
very susceplible to soft errors arnd latchup
with the single exception of one device
(87C51) manufactured with UTMC's rad hard
design from a CMOS/bulk application specific
IC [ASIC). Somie SPARC chips were tested

during this period, under the aegis o f
tstreme (13) and Beaucour (14).
Questions  regarding the  best

apprroach to microprocessor testing remain
open.  Some argue that slatic testing of
known reaisters in a known stale is the best
approach 1o undorstanding St I effects. JPl
presently pursues  this view and has
demonstrated that not all elements of a
microprocessor are equally SEE -susceptible.
Others claim that testing with dynamic
programs (the more the better) will usually
show thatstatic lests provide an unrealistic
wolist case. iave Myers has been preparing
a document describing good practice for
rmicroprocessottesting forthe AS-1 M (1 5).



‘1 he Furopean groups in this category
are represented by Dr. J. Beaucour of Matra
Espace who took test data at GANIL, the
higher-energy (10 to 100 MeV/amu) cyclotron
in France. His resulls provide no basis for
comparison with the lower energy ions
commonly used at Brookhaven's (BNL ) Van
de Graafl and the UC Berkeley 88-inch
cyclotron. | lowever, Dr. Beaucour (16)
observes that he seecsno significant
difference belween data he has obtained on
many occasions at both BNL anti GANIL .

L ogic Devices

‘1 he cra of broad scale testing of logic
devices may be over, for only a few devices
were lested. One low power device using
IDT ‘s CEMOS technology (3,3 V/5V)was
tested, showing latchup at LET = 25
MeV/(mglem?). T he response of a Harris
H CMOS and NSC I ACT device were
Consistent with previous data for these
technologies; they exhibited no sus ceplibility
to latchup.

J-IF(YS

Several f if O's were tes ed.  All
exhibited latchup at low LET, One test of D1
devices with four diff erent epi thicknesses
showed, as expected, that thinner copi
devices are less susceptible 1o latchup.

Static BAMs (SRAMs)

Several dozen SHAMs by fourteen
different manufacturers, ranging mostly from
64 kbils to 1 Mbits, were tested in this two-
year period. All were varicties of CMOS
technology, and almost all were very
susceptible 1o soft errors, with 1t ‘1
thresholds of <1 to ~&H MeV/(mg/cm?). At
suet-r low 11t ‘1 s, one canexpect proton-
induced soft errors. When proton data has
also been taken, thatfact is noted. Most
SEAMs were resistant to latchup, but some
bulk CMOS technologies were very latchup-

prone. T he notation involving ">" or "<" signs
indicates a threshold that was not obtained
because of anupper orlower limitonthe L E 1
of the testion. Multiple errors per ion  strike,
mulliple errors per single word, and
perma nent hard enors were all observed in
some devices. ‘1 here are also now extensive
investigations of hard errors in SHAMS,
D BBAMs and FPGA's pointing to failures
arising from localized total dose deposition or
heavy- ion-induced rupture of individual cell
oxide layers at high densities.

A few SH{AMs that were “hard” to troth
soft errors and latchup were developed by
IBM, | loneywell and United 1 echn ology
Micro Center.  Whether any of these
development parts have evolved intlo  a
commmercial part can be learned from the
rnanufe:cturer.

Dynamic RAMS (DI AMs)

D RAMs of seven manufacturers,
almost all 4Mto 16M CMOS technologies,
were lested this period. None exhibited
latchup with the exception of the MCN
MT4CMABT1DW 4Mx4 CMOS DRAM tested
by Goddard St C. All were extremely
susceplible to soft crrors, however, with 1 ET
thresholds often extending below 1
MeV/(mg/cm?) and with very thigh cross
sections of the order of 1 cm? per device.
Some cevices exhibit functional loss at mid-
range | E Ts of 12 1o 26 MeV/(mg/em?) and
also stuck bits,  Some exhibit row and
column errors that are not controlled by t rror
Correction Codes (E C C). t lowever, | GG
generally o ffers a drarmatic improvement ir-r
susceplibility, consistent with the expectation
that it will be extiemely unlikely for two
upsets in the same word to occur at the same
time. [Note that two or more physically
adjacent upsets are not likely to be in the
same word's electionic configuration. ]




Programmable Read Only Memorics

(PROMs)

A fusible-link PFROM, a bipolar PROM,
a UVE PROM and fifteen electrically erasable
CMOS FE PROMs were tested this period.
No gencralizations are warranted for the
individual PROM types, and norm appear fot
the E EPROMs either. However, note that
several of the F E PROMs are prone to
latchup, anti several are not, so device
selection on this basis is worthwhile indeed.
Clearly, the! bulk CMOS variations of Sceq
technology are not acceptable for t-nest
radiation environments. Note also that
several lested devices exhibit stuck bits or
hard errors. In addition, a special test by JPI
[submitted as a late news letter to this
conference] showed that one device type,
when operated in the "idle" mode, w a's
susceplible to an "accidental write”, &
complete 8-bit byte write of “all 1 ‘'s”,  ‘lhe
Idle mode is parl of the normal Read cycle!
and is aclivated by energetic heavy ions
when the device is selected and the outputs
are disabled. JPLl's work supplements an
earlier reporl of Bradley et al. [li']. In
addition, John Hopkins Applied Physics
L aboratory observed a byte write it-r April,
1990 , but thatl detail was omitted in the
compendium entry in R ef. 4{or the SEQ
28C256 EEPROM. One can now ask what
device parameters or processes determine
which other F EPROMs arc subject to these
accidental writes in the ldle mode.

Almost all deviceshadverylow 1 E 1
thresholds for soft errors, usually lower in the
worse case “write” mode. One or two
devices appeario be much harder than the
rest, according 1o preliminary o1 partial test
data. More test cfforl is required to prove this
out.

Application Specific 1C's (ASIC's) & Gate
Arrays (GA)

No ASICs arc! listed separately in
‘1 able 1 for this period. tlowever,a few
ASICs are listed under their programmed
funchion instead. Previous data show that

ASIC SLE performance varies widely, as”
does theitfabricalion process.

Several gate! array types were tested,
however; cspecially field programmabhle gate
arreys (FPGA's). ‘1 heFPGA's from several
manufacturers are rather hard, with medium
or high soft error LE1 thresholds and no
propensity for laichup. Actel devices,
including several process variations, alluse
an ONO (oxide-nitride-oxide) "antifuse”
programming tcchnology. They have been
extensively tested by Aerospace and John
Hopkins Applied Physics Laboratory.

In addition, JPL has tested Actel
devices with hightt 1 ions (Au and 1) and
foundthat ions with 1. E 1>43 MeV/(mg/cm?)
can program anlifuse connections thal are
initially unprogrammed when the device is
opetrated with the normal supply voltage (5 V).
JPL's A. Jdohnston & G. Swift (18) have
postulated that these permanent failure
modes may arise from single event dielectric
rupture (SE DR) of the antifuse. The threat
probability for present day devices is
extremely small, but attempts to harden
devices may greally exacerbate the problem
in the fulure. Manufacturers arc! currently
working on devices with thinner dielectrics
and lower programming Voltage
requirermnents, which may be more sensitive
to this effect. Smaller scaling is also likely to
increase the problem.

Programmable 1 ogic Arrays and Devices
(PLAsS&PLD's)

Several PL A’'s andPLD's were! tested
this period. All had fairly low soft error
thresholds around an 1 FTof 7 to 10
MeV/(mg/lem?). ‘1 he bipolar L A’'s anti the
Atmel CMOS PLA were resistant to latchup,
but the CMOS Pl D's all latched up. 1 hese
data serve o reinforce the reality that CMOS
devices are likely to latch up unless special
hardening processes are used. In thelatter
evenl, their latchup susceptibility istess, but
not always rero. It is a fact of life that the
inclusion of an epilayer does not provide an



iron clad guarantee against latchup, because
the epi thickness may be too great for the
parlicular device. Exactly how thin the epi
thickness must be cannot be answered by an
experimental data base; it depends onthe
intrinsic susceptibility of the device in
question.

Linear Devices

1 incar devices have received much
more attention recently, mainly from GSFC
anti Aerospacc. |-his arises from the
recognition that heavy-ion-induced transients
may cause a problem in adjacent circuitry
even though there are no latches or bistable
states in the test devices themselves. ‘1 he
data in Table 1 for linear devices is listed
under category 18, which is broken down
further according to function.

(1) 7 ransceiver and 1 ransmitter-
Receiver pairs: There! is much GDD (GSFC)
data for several manufacturers. Gazelle?'s
two GaAs devices show nolatchup nor do
the bipolar silicon devices [All devices are
silicon unless otherwise stated. ] However,
CMOS andiDT's new low power CE M(IS
technologies are susceptible 1o latchup.
There is also a soft error tabulation of LET
thresholds, but the "<" sign indicates that the
ion LET was notlow enough to establish the
device threshold LET for many of the test
runs. A fuller interpretation of these data are
given in the listed reference(19).

(2) Op Amps: T here are no latichups
reporled for the bipolar op amps, with one
exception as noted under "Remarks." This
identification of a bipolar latchup is not
generally accepted. Thereal concern is that
op amps may exhibit transients of sufficient
duration anti amplitudeio upset a latch in
adjacentdevices. ‘1 estdata have been
o blained for fifteen op amps as shown in
T able 1. The manufaciurers receiving most
of the St E testing are NSC anti F'MI. A
variety of op amps have rather low L ET
thresholds, correspondingto a wide
susceptibility to inter-galactic heavy ions. In
some cases [when 1 E1< 8 MeV/(mg/cm2)],

protons may causc these transients although
that remains to be proved. These LET
thresholds and the corresponding cross
seclions depend, of course, on what
amplitude and/or duration are considered
large enough tocount as a ‘damaging’
transient. 1 here is at present no standard-
sized {ransient, and this may be just as well,
for there is also no standard transient that will
pose  threat to any specific system under
evaluation. Most transients are in the
neighborhood of <1 to 20 microsec duration
and have ampliludes ranging up to several
volts.

A cursory look at some systems
shows that transients of these durations can
be darigerous. the saving grace will be that
the cioss section for dangerously large
voltage amplitudes may correspond to a very
low upset rate (<one per year) for many
devices in the galactic cosmic ray (GCR)
environment. 1 hese rates, which are
proporlionalto measured transient cross
sections, are very sensitive to the transient
vollage amplitude, however, so one cannot
safely embrace any generalizations without
obtaining system information on tolerable
amplitudes anti durations.

(8) Other linear devices: Much data is
also available forless critical components,
such as voltage regulators, comparators,
switches, drivers, receivers and driver-
receiver pairs.

DAC'sand ADC's

There is considerable data on digital-
to-analog converters (DAC's) and analog-to-
digitel converters (ADC's), grouped
separately under category 19. There is a
further subgrouping, according to the number
of bits (or resolution) that the devices can
Process.

Most of the data for the [)AC’s is
directed at ascerlaining whether they latchup.
None of the tesled devices latched up. A
review of earlier DAC data (Refs. 1,2,3,4,5)
show that none has ever latched up, even



though some appear to be CMOS
technology. In this recent period, there is
one 8-bit Harris DAC that also appears to be
immune to soft errors. This is such an
unusual departure from DAC susceptibility 1o
very low LET ions, that the test approach
and/or fabrication process for that device
might merit further investigation.

For the ADC's, data sets for both "soft
error with fatchup" and "latchup only” arc
presented. For ADC's, laichup of CMOS
devices is possible, and soft error LET
thresholds are consistently low. However,
testing of modern ADC devices (which may
comprise a RAM, latches and
microcontroller) may be quite complex and
the interpretation of a dynamic cross section
is non-trivial (20, 21).Single event output
errors can be described as either (1) Noise
Errors; forming a Gaussian distribution of
output values very near the nominal output,
anti (2) Offset Errors; less common, but
widely spaced along the range of possible
digital outputs. Understanding which cross
section is tabulated should be validated by
the test organization; whether one or both ot
neither is important to a particular system’s
operation requires interaction between the
project’'s designers and parts reliability SEE
personnel.

One interesting line entry in l-able 1 is
the reported failure of the bipolar AD |
AD9048 8-bit flash ADC in which the device
went into a permanent unwanted C) utput
mode; most often a two’s complement of the
correctly converted output. This particular
failure mode has been reported in Aerospace
ground tests and analyzed by Koga et al (22),
who present persuasive evidence that it is a
distinctly different type of single event failure
involving a localized second breakdown of a
bipolar transistor. This type of failure was
also exhibited in orbit on one of two parallel
lines of the TOPEX satellite’s Star Tracker
system. Here th¢ inverse operation [now
disabled] would act to open the tracker
shutter’ wide when looking at the sun, and
close it tight during normal night scanning.

DC/DC Power Converter

A new device category is opened up
here, because nine DC/DC power converters
were tested during this period. As seen in
Table 1, a wide variety of device responses is
possible. One CMOS device latched up.
Also observed are many non-destructive
conditions involving voltage drops, voltage
spikes and reset errors. Two ADA bipolar
devices displayed switchoff errors which are
tentatively attributed to a gate rupture
(SEGR) that switches “on” a power MOSFET
embodied in the converter,

Miscellaneous Deovices

Many miscellaneous devices are
tabulated under the last category #/21, and
some other devices from categories 16 and
17 have not beenincluded in the text, Some
devices may properly belong in one of the
other categories, so take a look here if you
desire a complete survey of the data. Note
that a few fiber optic devices are included as
well as special controllers.

Conclusions

The new data presented here can be
combined with data given in References 1
through 5 1o develop certain generalizations
useful for protecting flight electronics from
SEE”. Hard iechnologies anti unacceptably
softtechnologies can be flagged. In some
instances, specific tested parts can be taken
as candidales for key functions-- such as
microprocessing or memory, As always with
radiation test data, specific test data for
qualified flight parts is recommended for
critical applications. Calculations of accurate
SEE rates will require the assistance of a
computer code, a w(lll-defined environment
[interms of flux vs. LET] and a complete
device characterization [cross section vs.
LET at the appropriate temperature.] Finally,
assessment of flares needs to be considered.

Evaluation of catastrophic effects
requites its own statistical treatment. Data



for power transistor burnout and single event
gate rupture is not included here; one may
refer to Nichols et al, (10).

The most recent 1995 data is not
her-e-- see JPL's RADATA data base (23).
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Appendix I-- Manufacturer Abbreviations

The following is a list of manufacturers who
have appeared in all of the compendia of
data, Not ail of those listed here appear in
this year's data set.

ACT Actel Corp.

ADA Advanced Analog

AD!  Analog Devices Inc.

AFX  Aeroflex Labs

ALS Allied Signal

ALT Alters Corp.

AME) Advanced Microdevices Corp.
APX  Apex

ATM Atmel

ATT” American T-cl & Tel

BAL Bal Efatrom

BUB Burr-Brown Research
CPT Crosspoint

CRY Crystal Semiconductor Inc.

Ccyp
DAT
DDC
DEC
EDI
ELN
FAS
FER
FUJ
GAZ
GE-C
HAR
I-I-l-c
HON
HPA
HYB
IBM
[DT
INM
IN-[
ISM
ITP
LDI
LIN
LSI
MCN
MDI
MED
MIC
MIR
MIT
MMI
MOC
MOT
MPS
MT"A
MXM
NCR
NEC
NSC
NTL
OKI
owl
PFS
PLS
PMI
RAY
RCA
RMT
SAM
SElI

Cypress Corp.

Datel

DDC ILC Data Device Corp.
Digital E-quipment Corp.

EDI Corp.

Elantec

Fairchild Semiconductor Div.
Ferranti

Fujitsu Itd.

Gazelle

General E lectric

Harris Corp., Semiconductor Div.
Hitachi 1 td.

Honeywell Inc.
Hewlett-Packard Corp.

Hybrid Systems

IBM

Integrated Device Technologies, Inc.
INMOS Corporation

Intel Corp.

INMOS Corp.

Interpoint

Logic Devices Inc.

Lineai 1 echnology

L SILogic Corp.

Micron Technologies

Modular Devices, Inc.

Marconi E lectronic Devices
Micrel Semiconductors
Micro-Rel Corp.

Mitsubishi

Monolithic Memories Inc.
Mosaic Semiconductor
Motorola Semiconductor Products Inc.
Micro Power System

Matra Harris Semiconductor
MAXIM

National Cash Register
Nippon E. lectric Corp.

National Semiconductor Corp.
Natel E:ngineering

Oki Semiconductor, Inc.
Omni-Wave!, Inc.
Performance Semiconductor Inc.
Plessey Semiconductors
Precision Monolithic, Inc.
Raythcon Co., Semiconductor Division
Radio Corporation of America
Ramtrcm

Samsung

Seiko




SEQ SEEQ Technology Inc.

SGN Signetics Corp.

SGP Signal Processing

SIE Siemens Components, Inc.

SIL  Siliconix

SIP Sipex

SLG Silicon General

SNL Sandia National Laboratories

SNY Sony Corp.

SOR SOREP

SSD  Solid State Devices

STC Silicon Transistor Corp.

TEL Teledyne Crystalonics

TIX  Texas Instruments Inc.

TMS Thomson Military & Space, France

TOS Toshiba

TRW TRW Inc.

UTM United Technologies Microelectronics
Center

WAF Waferscale

WDC Western Digital Corp.

WEC Westinghouse Electric Corp.

XIC  Xicor Inc.

XIl.  Xilinx Corp.

ZOR Zoran
ZYR Zyrel

Appendix //-- Test Organizations
A The Aerospace Corporation; El

Segundo, CA
ADI  Analog Devices Semiconductor,
Wilmington, MA

ALC AlcatelEspace, Toulouse, France

Ball Ball Aerospace Systems Division,
Boulder, CO

BDS Boeing Defense & Space Group,
Seattle

BPS Boeing Physical Sciences Research

Center, Seattle

CERT 2, Avenue Edouard Belin, Toulouse,
France

CLM Clemson University; Clemson, SC

CNES Centre National d'Etudes Spatiales;
Toulouse, France

DASA Deutsche Aerospace AG, Munich

ESA European Space Agency -- several
facilities

GD General Dynamics

GDD NASA Goddard Space Flight Center;
Greenbelt, MD

GE GET SCO, Philadelphia

HAR Harris Semiconductor

HAC Hughes Aircraft

HON Honeywell

IBM  IBM (See Remarks column).

J Jet Propulsion Laboratory (JPL);
Pasadena, CA

JH John Hopkins Applied Physics
Laboratory; Laurel, MD

LLIN  Lincoln Laboratories, M. [. T.;
Cambridge, MA

Loral Loral,Manassas, VA

LLNL Lawrence L ivermore National
Laboratory; Liverrnore, CA

MM  Martin Marietta Astrospace, Valley
Force, PA

MMS Matra Marconi Space; Vélizy, France

MOT Motorola GSIG

NASA National Aeronautics & Space
Administration

NRL  Naval Research Laboratories,
Washington D. C.

NWSC Naval Weapon Support Center,
Crane, IN

fHY Physitron , Inc., San Diego

R Rockwell international, Anaheim, CA

SNL Sandia National Laboratory,
Albuguerque

Soreq, Isr.  See Remarks Column.

SSS S-Cubed, San Diego

IRW TRW Space and Defense Sector; Los
Angeles

UTM United 7 echnologies Microelectronics
Center, Colorado Springs

Appendix lll-- Test Facilities

B8-in. = 88-inch cyclotron, Lawrence
Berkeley Laboratory, Berkeley, California

BNL: Tandem Van de Graaff, Brookhaven
National Laboratory, Long Island, NY

C{-252 = A Cf-252 fission source. The data
from this type of source is rarely given
because of inaccuracies inherent to the
limited range of the fission ions.

E SA: European Space Agency -- several
sites




GANIL= Cyclotron for High Energy Heavy
ions; Caen, France

GSl= Cyclotron for High Energy Heavy lons;
Darmstad!, Germany

HAR= Van de Graaff at Harwell, England

IPN= Tandem Van de Graaff, Institut de
Physique Nucleaire; Orsay, France

UW:=: Tandem Van de Graaff, University of
Washington , Seattle
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9 By S5 1EPY SRAM CVOS/epi TMSIO 3 03 B8 n No LU>60 T Scott 688 Proton data exis's [t 1. SGS Thomson
q A UTsT1A4 SRAM CMOS *prototype Mow” (ALY B xR >37 No upset No upset BNL No Lty >37 DC 9320 Bob Ferdon 7/11%92
0w Gho MBR11RA00-A0P Y DRAM CMODS L8R AMxd <14 ki BNL No LU»B0 SEF! at LET-50 LaBel test 5/94
0 CNES 0169274 DRAM Date Code ES fam 1Mx4 25 —_— 24 1PN No LU Ecoffet et a, IEEEQ2 Proton data exists
10 Mors! LUNA-C DD2 DRAM CWVOS/ep! with ECC-- oft g LAY 4@ 3.1av —_ 2 BNL No LU >120 @ 3 42V T Scott, Loral Intarnal Rept #94-GW3 008 (8/31/94)
10 CNES/ALC LEINA-C DRAM CMOS/epi with ECC-- off oron  1BM aMxa ~3@ 38V —_ BNL & 1PN No LU>120 Row & column errors unatf ected by ECC Catve! TEEES4
0 CNES/ALC LUNAE DRAM CMOS/epl withow ECC v 4Vxd -3esv — BNL & PN No LU> 1 20 Row & column errors cross sections Compara above Catvel 1EEEGL
i ESA RTACLOOTIC DRAM engr sample-shrunk 0 Smic kne MCN IMx4 -15 — 401080 PN NO LU>120 DC 9244 Process D159 Harboe Sorensen, YADECSI3. p 490
1 CNES MT4CA00 DRANV DC 9109 & 9248 MCN M4 Qa7 —_ S0to 150 1PN No LU Ecoffet IEEEFI Workshop Stuck bits Proton dafa exist
0 GDD MTACMARIDW DRAM CMOS MCN AMxd <14 LU obscures # — BNL LU 1210 25, 2E-4cm2 LaBei Tegy 5/94
10 JTAwW — DRAM —_ u 4aM <1 —_ -50 BNL/RR No LU>60 SEFILET{*h)= 16, 700 sq rwc [F/F mode! G Switt 24 SEU Symp
0 GO KPA44CA0M0ALN T DRAM CMOS SAM 44fxd ' 45 _ 7 BNL No LU>110 Stuck pitg 8 SEF) at LET260 DC 40BY LaBe! 7/94
0|y SMI27C128 25 DRAM CMOS ™ 16K X8 Rates given —_— b BNL The data here were taken as a subset of the TIX SM320E 15 DSP 5/01
AL 1Y) 44400 DRAM T 1Mxd —_— _— BNL No LU So# error data exist Proton upset data exst T Scott, 1990
) CNES SMI24100 DRAM Da'e Code €S X AMx 1 <04 —_ »24 PN No LU Ecote! et at IEEE9] Proton data ex:sts See preceding entry
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Tast Org* Device Function Technalogy hald Bits Erective Devica Cross Facitity Remarks
LET™ Cross Section Section
Threshotd rem2)eer Por B9 1sg mict
D CNES/ALC TWS418400.Rav B DrAY CVOS/epii3.5 mich TIX AMxd <17 5 Tyl row ereors =154 cm? BNL & 1P No LU>S7. Functionality logss LET=25.5E-5 cm2. Hall row eriors. Calved 1IEEEDS
ooy SMITBA0N. ¢ thry-B ORAM CWOS opi? Y LT T4 -— AR BNt No LULET>70 Functionalfoss LETI*h)=12.2. 7E.6 cm2. WP-2 (Poliock) 1/93
" GOD TCE117400FT.70 DRAM cMOS 0S8 4Mxd fnconsistent with previous ‘est da’a enL Pending analysis LaBe! 5/94
0w GDD TCHETITAO0NE DRAM CMOS T0S AMxd <145 —-— AL BNL No LU>110. N stuck bits. No muliple errors DC: Y0927, LaBel 7/94
12 R 791 PROV Ripotar RAY kxR 15 2455 J— BNL No LU>72 4/93 Upsets are transien’s at output; no' lost data
2 HS.BESARM PROM (Fusinle link) CMOS, 75054 process HAR 8¥x8 >116 'ast tor da'a ta‘ches onty) —_ BAL NoLU>115 A . 8t 45 deg ang'e Harris Space Product News, 3rd o, 1994
2 J 200256 EEPAOM CMOS ATM 228 Aread) s'ari/stop runaways 8’ LET» 16 BN Stuck s {write) @ LET>E0 SEY € LET>3 !worst case “reac™) 1/94
'2  ESA HNEBCEEP .25 EEPADY - HTC aKx8 Tt 11 fwrite); 52 fread) BE-4 fwrite) — BNL No LU>B4 Harhoe-Sorensen, IEEES4 grapnnt Compared to ffight data
12 ESA HNSRC2569-20 EEPROM Dig58C255° HTC 22K x8 7 twritad 464 _ BNL No LU >53 DC 9232 Harboe-Sorensen, RADECST3 p 490 Compare SE(3
12 NASA DPZ128x15A2 EEPAOM (Fraght Two 528%,'3 cice halael 255%x8 Onty latchun was nhearved — BNL LU{th) =20, 1 E-4 cm2 No current 5/52 Pat O'Neitt Pact listed as “Oense Pack®
2 wws MEMS129 EEPROM Byl CVOS with MNOS HTCIHN w 41010 1E-3(crifica’ errors for worst case “write™) Byte group errors. GAN'L No LU>RT 111 by Hyheld Memory No hard errors DC 9322 Poivey, TEEE™M
12 0 HNSAC 001 EEPROM CMOS/eni HTC 128Kx8 12 {writeY; >RD (reac) — 0.4 per ty'e BNL No LU>97 taBe! 11/94 & +/95
12 NASA FM1208S EEPAOM TTUCMOS RVUT 512xR 20 254 —_ BNL LU{th ).25, TE 4 cm2 /93 Pat M ONaill (NASA. Johnsan!
12 NASA Km29C010 EEPROM CMOs Sam 128KxA <12 2 ME.MR BN No LU>45 5293 B WM O Neit (NASA-Johnson}
2 290256 EEPOOM CMOS/ent SEQ 2Kx8 <3 {write); 7(rend) SE.2write).2E-4(rpac) — BNL Parm fail LET=6C; 1/94 Byte sutoerasures - part of road mode @ LET-4,12/94
2 GDD 28C255A EEPROM Cu0S 45,2 SEQUSEl 324xA 15 10 26 111 & soft ercor! — —_ BNL LU at15 to 26 HMC DCI224 in SEf package LaBe! & Sei dlick, 1/95
2 GDD 2BT255E EEPROV CMOS/epi SGN's Rev J SEQSE!  32KxAR Ttwrite) 11 (raac) 5E-2 (writa} 8 BNL No LU >80 Perm write 'ailure LET=60,1 E-5 cm2 SGN DC9436 7/92,11/94 & 1195
12 DASAESA 28BC256-200 EEPROM CMOS/1 amic e (SGN PAD2)  SEQ A2Mx8 Awrite) 1.5E-3 (write) —_ BNL No LU>74 Harboe- Sorensen "Read” is much less sensitive Nov 93
12 ESA §7CS3R-5001 EEPROW CMOS p5,2 SEQ 22MxB -7lwnte) >5E-5 {write} @ LET=2(— BNL LUIth)=26(rea o); SE-5cm2 DC 92239 Harhoe Sorensen. RADECS93 prepnnt
12 MMS 280010 EEPROM CMOS bu'k IFLOTEXY SEQ 128Kx8 41510 1€-4 (critica arrors--wors: case "wrlte”} 4% are page erars. GANIL LU{th)=32,5E-5 cm2 Poivey, IEEE94 DC 9334 Hard erors at LET=16 SEGR?
12 NASA CO28Ce0 EEPROM Cues PS12 SEQ 128K x8 Onty tatchup observed J— BNL LUfth) =22; ~ 1E-4 ¢m2 5/93 Pat M O'Neift 400 mA Tatchup cyrrents
12 NASA WE.512K8.150CX EEPROM CMOS PS512 SEQIWHita) Four 128KxA dies On'y 'a'chup observed -— BN Latchup-fike response @ LET{N }=20-1 E-69'112 593 P ONeill (NASA-Johnson)
12 SNL SA3922 EEPROM CMOSISNOS (SN design) WEC BRxR -35 1E-5 (W C write (data} —— BNL No LU Hard errors at LET=40 in write mode Sexton, 1EEES4d Workshoo
12 mBM 55CK5 EEPROM VoS SEQ BKx8 1 of_4 — BNy No LU>120 T Scott, 1990 Alsq Oc! 1992
2 ey Pasorai UVEPROM CMOS INT RAKx 1R >£ — — BNL tU--Threshold not given; deslructive at 09A T Scolt, 1gy Leter 193
e WMS 102072 Field Prog Ga'e Array CMOS/api (4 2 miz fegiyre’ ACT 24 NIA 25 MMS/GANI No LU>76 Beaucour, IEEEQ2 Workshop 7/92
A AZDA Fietd Prog. Gate Array CMOS/epi {1 2 mic featyral ACT 25 NIA 00 B8 mn No LU>120 Koga, 94 SEE Symposium
14 A A10208 Fietd Prog. Ga‘e Array CMOS/epi I'1 0 mic feature) ACT 200 F/F -10 1E-3 per 200 F/F's 300 an in LUHMI=55:2F Bem2 Ma fechita dice Yans Q4 OFF Qyminae om
14 M ALZ00 Finid Peag Gare Aray CMOS/api 11 2 mic taanre) AcT A 1BSIRIRRD M) PR RN FTE D oo farss EOGITT BT per mpguie BNL No LU>76 Prigcitta McKerracher (JH) & Rich Katz(Goddard) 11/93
4 pATD ATZWCA Fiold Prog Gate Array CMOS/eps (1.0 mic *eatyre) ACT 1232 modules 281C), 5/} . — BOO(S) & 200(C) 88.in A ND LU>100 ACT h C=combinatoria!, S=saquent ial logi¢ Koga 93 GDD 2/94
4 1Bm 7256GC192-2 Fietd Prog Gate Array ALT —_— Rates given — - 8NL Latchup rates given 5/93 DC 9249 WP.2{Jim Poltack)
14 GDD CP20420 Field Prog Gate Array £VOS cpPT —_ -125 —_— 002 ant LU @ 15-27 teBel, F4IEEE Workshop Record
14 HAR 2an20 Field Prog. Gate Array Rad Hard CMQS/30L HAR — ne — 1€-3 BNL No L1> 120 fAu onlv) Harris Davalapmant Parkage, 5/07
14 HAR a0 Field Prog. Ga'e Aray Rad Hard CMOS/SO! HAR 80000 o0 — €2 BaL No LU>120 {Au only) Harris Daveloomant Package, 5/92
4 Ha R Ga'e Array {custom COUY - RICMOSIM HON RAM «spacinl tests &0 ot Avaitabie No* availab'e BNL No LU>120to 125 deg C Same fab, di%arent implamantation as ahove 394
14 DD HP2240 Gate Array (mutfunchions)  RICMQSHY HON so™ fatch & R Blsoftratchy; B2 frad harch 100 200 {sof tatchy, 25 {rad hard) BNL
14 HAC LCAZ00K Process ASIC Process test chin 200K series ASIC nrocess LS -— 570 masks SEL 004 Ba.in LU=5 @ 37 deq. & 32 @ 60deg C LU domsn't damaga doyica Shosz 292
AT LCAYOOIRO Process Prog GA HCWMOS/api (10 mic Y- not RH LS Rd.hit RAM anty 20 A 200 BNL Na 018 yly 1093 Only f2.5 TAM tagtad
(LR VIV TeCnn Fie'd Prog Gate Aray CMOS/eni 14 2 mir faanrs Y — 20 _— 20 WMYSIGAN' NolU>76 Besucour, 'EEEQ2 Workshop 7/93
AL ITE.R SOK Gate Array CMOS/ep 15 mich urn 4% SRAM ~35 — 13- 30 R4 No LUs 165 697
14 0T UTE-R 75K Ga‘e Array CMOS/epi 13 meta! ovedayert  tTie tK SRAM confin. 26 — , 500 per ce" B8NL No LU, Runaway in ¥/F support circyitry. Rudeck, 12/92
AEE -1 PHCMOS2 Exoressway GA VoS |y 2587 >6 -— - BNL No LU>120. /93 T. Scot, 18M Letter
14 BM 8TVCVOS2 SPDA Gate Array CMOS 1 (Burfington, VT L —_— 3 - 90 BNL LU=25. LU rates given by J Pollock of WP.2. Tested 493 by T Scom
15 Soreq, Isr  PALISRARM/RAZR PLA Bipolar (two parts) AMD _— 7 WC1'5) 250E.04 100042} Vande G (1) J Barak, 'EEES2 prapnnt Test 8 m reg {1 l=Weizmann Inst Iseael {2)=gates
5 GDD AT22V10 PLA CvMOS ATM - -10 JE-S BNL No LU>80 Tested 892 L 28!, H!EEE Workshop Record
15 MMS TIBPAL22VID PLA Bipotar A4 - 9 - 2000 GANIL No LU> 140 Beaucour, IEEEQ2 Workshop & Juty 94
15 ESAMMS 22ViD PLA Bipolar IMPACT X - - 2E-S - GANIL No LU H van Looy ESARept 1993
S ESAWMNMG 5LR PLA Bipotar WPACT X - - » -5 - GAN'L No LU H van Looy ESA Rept 1993
1S MWS TIEPAL16RR PLA Bipafar X - Q - 1o GANIL No LU>140 Beaucour, 1EEE92 Workshop & July 94
15 BDSMVeD  EPS1D Etectronically PLD CTHOS bytk ALT — —_— —_ 88 .n LU=9;5€- 4cm2 DCY317, Temp = 44 10 100 deg C E Normand (BREL) 10,94
15 MeD EP1810 Electronically PLD CHOS byt ALT —_— <4 oo —_ Ba.in LU=-51E-3cm2 W Zakrzewsks, %93 (Also tested EPS 10)
15 PHY EPM5032 UVE E'ectronicaty PLD CWOS byt ALT — SoM errors wera masked by ta‘chup. - ONL L 11E 3 cm2 Temp = 95 deg C Rapt No PHY gamnid 131 1/93)
15 BN Cy-7C344 Elactronically PLD CNOS butk ¢ P _— > Ha'as given BNL Latchup rates grven April 93 Dc 9305 WP-2 {Jim Pollack)
1w GDD 1XD2-0701 RS Encoder-DataCommand Pad Hard CMOS/epi urm —_— kL] 55F.4 @ LET=120 — BNL No LU>120 LaBe!, 931EEE Workshop Record
LI AACSAOU Custom 1552 Intertace CMOS/epr gate array uTsm Man Enc/dac on'y 50 tE-5 @ LET=120 — BNL NolU >120 at 125 deg C 3/93
7 GO0 'DTAACARD EDAC (22 bith CMOS 0T _ 151020 SE-S {tota! ereor types) ~— aNL No LU >B0 Five dffarent error 'ypes were monitored LaBel 1 1/94
m GOo Hot Rod TX Transmitter/Aecaiver par GaAs GAZ — <14 ?E3 - BNL No LU>120 LaBel 1EEEI3 & M Workshop Proton data exst
| GHD Hot Rod EC Trangmitte/Rocever pair - GaAs GAz — <t4 15E3 - BNL No LU>120 LaBe! YEEESI & 94 Workshop Proton data eus
e GOn TAX! Trangmutter/Recener paw Bipotar AND - - - - BNL No LU >50 7/93 LaBel IEEEQY Workshop Record
R GDOD AX241t 15538 Transcewar 15V Bipotar AFX — <tts ?E4Q@LEY=80 - BNL No LU»>80 8/93 & LaRol 94 IEEE Workshop Recerd DC ABTH2S



Table ¥ SEU Da'a

Test Org " Davice Function Technology My Bits Ettective Devico Cross Facitity Bamarks
LET" Cross Section Section
Threshold {em2ye Par Bit sq micl
8 GO AX3452 15528 Transceiver 5V Bipo'ar AFX —_ «1t5 SE-5@LET=80 —_— anL No L'J>B0 8/93 & LaBel Q41EEE Workshop Record
18 GDD DDCAI1ZS MCH 15538 Transceiver 15V Bipotar jajo. —_ 14 IE-4 —_ BNL No LU>B0 8733 & LaBel 9AIEEE Workshap Record
e GOD T4FTC163245PV 3.3V/5V Teanscever CEMOS l'ow power) 1T _— None 8" LE T« latichup thresha'd 8NL LU=25; SE-4 cm2/device Compate ‘o DT CEMOS regisrer LaBal test d /94
18 HON LTC4RS RS548S Transcetver CMOS LTN ng fatchas -— —_ — eNt LU™)=1 4.1 3E-5cm2 DC9227 WP2(.Jim Pollock) 8/93
B GOD CY1487D 15528 Transcewver 15V Sipolar MED . s S5ES — anL No LU>80 9,93 taBel 94 IEEE Workshop Record DC 9316
"? GDD Cr2s521 155268 Transcever 5V Bipo'ar VED —_ <255 4SE-4 —_— BNL No LU>B0 B/93 LaBe! Test Rept & S41EEE WR DC 9249 DUTs "ared” with Ni
B GO0 1500 15528 Transceiver 15V Bipofar.- Nationg! Hybrids NSC —_ <115 SE-6 —_ gL No LU>80 893 LaBel Test Reel 6 94/EEE W?? DC 9328 Dia bigges then besm
" GDD NH1529 155238 Transceiver SV Bipotar-- Nationa! Hybrids NSC _ <'ts 15ES — N No LU>B0 8/93 LaBe! Tes! Rept & 94IEEE WRDC 9329
e GDD FC1552921 15538 Transceiver 5V Sipofar STC — <115 262 aNt No LU>80 893 La Bl Test Rept & 941 EEE WR OUTs “ailed” with Ni
19 GDD UTMCEIM125 1552 bus transceiver Bipo'ar U —_ T ™o —_ ONL LU{th )=27 with one maverick LU st LET. 11V Gates 693
®  GDD DAL A3 155238 Transceiver 15V Bipotar U™ —_ <15 E-4 @ LET=80 —_— ANL No LU>8C 8793 L aBei Test Rept & MIEEE WR 0C 92 5019315
8 GDD ME53147 15528 Transceiver 5V Rinotac UTMMIR  — <t1§ 1€-4 —_— BNL No LU»>80 &/93 LaBel Test Rept & S4IEEE WR Hi Rel Sampley
B ADY ADBOOY Op Amp Bipolar-XFCRB process ADI — >82 Depends on discrimination level BNL No LU>82 M Delaus, 94/EEE Workshop Record
mA HS3530RH Op Amp rad hard HAR —_— Cross sactions & thrasholds depend on ampttude discriminaion voltages. 88-in No LU Refer 1o Koga et al, IEEE. NS, p1838 (Dec 93) DC8839
1@ CNES/A tWios Op Amo Mot —_ -2 Depends on discrimination 'evel ey No LU>27 Ecoret ot A' 34 'EEE Worskhop Record
8 GDD LMr08 Op Amp Bpotar NEC —_ <25 —_— —_ BN TID degradation at <2.5 krad obscured SEE data LaBal, IEEE Workshop 1994
18 GDD tMrze Op Amp Bipotar NSC —_— — —_ — BNL NolU>80DC: B9412AD LaBe!6/94
| GDD LM158 Op Amp Bipofar NSC —_ -—_ —_ -_— BNL No LU>100 DC AA04324587 LaBel 7/84,
1B CNES LM21BR Op Amp NSC — This tast op amp has a graater cross section than MOT LM 108 Cr2s2 No LU>27 Ecoffet ot ! 94 IEEE Worskhop Record
1’ GDD LMT08AH Op Amp Bipotar PML —_ 22 SE-4 — BNL LU=-60 Date Code: B9412AD LaBot 694
18 P05 Op Amo Bipotar PNMY —_ Cross sections & thresholds depend on amplitude discrimination vol'ages B8-in NoLURetertoXogaet al, IEEE- NS, p1838 (Dec 93) 0C9206
18 GDD OP.07TAY Cop Amp Bioolar P —_— 12 E4 —_— BNL No LU>50 DC 9345 Test, LaBe! 5/94
B A OP- 5 Op Amp Bipotar %) Cross sactions & thresholds depend on amplitude discrimination voltages 881" No LU Refer to Koga et af, IEEE-NS, p 1838 ‘Dec 22! DCI246
8 GDD oP-97 Op Amp Bipotar Pt —_ —_— —_ -—_ BNL No LU> 1 10 DC unknown La Bel 7/94
% GOD SMP1t Op Amp Bipo'ar-Super Beta transistors  PAt — —_ —_— /N No LS80 None were 'unctiana’ post test OC org LeBel 794
8 GDD EL2243 Analog Op Amp Rinatar e — 5 ‘E3 — B No LU>90 LaBe!, g4IEEE Workshop Record Tested 5/93
‘8 GDD PA1Q Power Dp Amp AFX —_— - — — B No LU>100 OC VET009321 Test LaBel (7/94}
8 GOD ADS24 Dit* amplifier Bipo'ar ADI —_ 12 1E-2 BNL No LU>80 0C 9364 LaBet /94
m GDD LM 20H-12/BRAC Vottage regufator Ripotar NSC —_ - BNL No LU>110 OC H2C9 327A LeBe! 7/34
1R GDD (A RN Voltage requia‘or Bipotar NSC —_ - - - BNL NoLi>110 OC C92 LaRel 704
‘A GDD LMI135AH Voltage requiator Bipotar NSC _— - v No ot 0 D2 9320 LaBet 1194
AL Clala) 1 ppost Vetana ramitatar N3G —_— <25 — — BNL No LU>80 LaBel 11/94
B GDD REF-02-373) Volage refarence Bipotar Pt _— — — — BNL No LU, 100 DC QA573944 Test, LaBe! 7/94
1’ GDD SES521F Signat conditioner Bipotar SGN — — — - BNL No LU>100 DC 012BD19-9401RD Test, LaBet 7/94
'8 LCNES LMY Vottage Comparator - MOT —_— .2 tir ansients >2 4v1 Depends on discriminat ion leve! IPN No LU>27 Ecoffet et at, 94 IEEE Worskhop Record
m A [AYIRRI"] Veltage Comparator Bipotar N SC —_— -5 tor disenminator set at - V Would he much towsr at tawar V) 88n No LU Ratar to Koga et al, 'EEE NS, 1838 (Dec 93V DCO151
| GDD JAVARL Comoarator Bipotar NSC pa— —_ j— — No LUs 1. 0 for ¢ E6 jong/cm? LeBel 7/94 DC 88305
A GDOD LM192K Comparator Ripolar NSC —_ -_ —_ No LU>100 for 1E5 lons/cm2 {aBet 7/94 DC 20344A
'8 GOLD tM139 Comparator Ripotar NSC 50 2€-5 e ‘tET-'N — Perm current docregse at LET=A2 LaBel, Jan & Feb 34
e G0D LM120A Comparator Dpotar NSC —_ - - — No inan 0D 9402 LaBe! 6794
i3  GODD 1DAO7AIR L agor Dover hakid} - — —_— No LU>BD LaRe! Tagr Rept 293
o gon eacsn 0461 na recaivar cNMOS NSC — 1 TE-5 —_ No I 1> 00 1/94 LaBal a4 SEE Symposium
R GDD Rrac20 D! Line drivar cMOS NSC —_ >120 —_ NoLU> ' 2C 1/94 LaBel, 94 SEE Symposium
® GDD TSC4429 MQSFET driver - TEL _— >120 — —_ No LU> 120 Tested1/94 LaBel, 94IEEE Workshop Record
‘@ ESA D469A High Current bowar Driver  CMOS/epi (Po'yMOS) st — — — LUfth) =51, 9E-Scm2 H Van Looy, ESA Rept 1933
‘8 J MIC4420 Buter driver No memory elements wc —_ - _ —_ No LU>120 B/92 Includes temp up to 125 dec C
W YGDD HS26C3Y Oitt Lme griver HCMOS/SOS HAR — >80 — —_— J No LU >120 up to 100 deg C 9/32 GDD Tes! 593 La Be! J4EEE Workshop
18 JGDD HS28C32 Dift Line recewer HCMO%/SOS HAR —_ >RQ —_ J No LU >20 upto 100 deg C 9,92 GDD Test 5/93 LaBel 941EEE Workshop
15 BPS 26C31 Linadtiver CMOS NSC — — —_ J— uw? Latchup rate repored byt no threshald June 93 WP-Ot Wes Wit
" RPS 26022 Line rac ewver cMOS NSC p— — —_ —_ Uuw? Latchup rate raported but no threshold June 93 WP.01; Wes Will
" BPS DG201/M3R510Y SPST Switch Unknown HAR —_— - —_ — uw? No ta'chup @ LET=38 W Wi (wp.g1) DC 9218 May 1993
i’ 8PS 0G201/M2R510) SPST Switch Unknown St - — — uw? No latchup @ LET=28 W win (WP 01) DC 9125 May 1993
‘2 BPS DGSOTAAK/RA3 Analog Switch Unknown S - —_ —_ uw? No fatchup @ LET=38 W Wit (WP 01} DC 9134 May 19923
A CAQ338AD DAC (R bi) CMOS/TTL HAR —_ 1t g —_ —_— BNL NolU>119DC 9307 T Rao-Sahib for WP 02 5/1.393
9 GDD DACORAQ OAC (8-bit) Bipolar ] — 35150 mV trans ients! 2E-2[50 mV transients! — BNL No LU>B0 Gross section depends on transient size DCI220A LaBet 7/94
19 GDO ADSE5 DAC (12 bit) Bipotar ADt — — — — BNL No LU>R0 OC 9145 LaBet 17,"34
w3 AD7545AKN DAC (12 bit} CcMOS AD! — >120 fatt s only} — — BN No LU>120 Up '0 80 deg C Nichols, b & Aprit, 95
LI HAR75744N DAC 12-bi) CMOS HAR —_ - — —_ BNL No LU>120 Upto 80 deg C Nichots, Feb 1995
g MX7545TQ DAC {12 bin} CMOs MAX — >120 1a1 1°s onky! —_— —_ BNL No Lu> 120 Aprit 95
19 MP7545TD/882 DAC (12 birt CMOS weg — >120 fa% v's oot — — BNL No LU>120 Up to 80 deg C Nicho's, Feb & Apnt!, 95
(-3 MP7645/TORRZ DAc [12 bit! [Bel) MPS — >1201ah1's onivt — — BNL N o tU>120 Up to8Q dog C Nicho's, Fehy & Aprit 95
,9 GDD 7820R1P1272 AD (8 tin LCCMOS (Sero 2820 diet MPS _ _— — BNL No LU>B0 taBel 7/94
19 A TDC 1048 A/D (8 biny Bipotar hybrd TRw —_— 2 2E-3 RAin NoLULET>95 DC 8540 4793
w9 A ADan4® AD 8 b Flash Ripotar AD! —_ <1 ?E 4 — B8R n Faito 2's complement @LET=R 1 SE 5em2 DC 9145 Koga ILEEa4 p2172



Table * SEY Data

TestOrg*  Devwe Function Technology M Bty Eractive Device . Cross Facitity Remarks
LET Cross Section Secnon b
Thieshote fem2)st Per Bit 'sq mic!
19 SN HS00RRH A/D (8. bit Flagh) cvoSs HAR -_— ~15 2E-5 — anNL No LU>150 to T= 125 deg C No temp dependence Se xton, IEEESM Workshoo
‘2 GOD AD1871JD A/D (12-bin) Bipotar/CMOS ADt _— —_— —_— BNL Na LU >90 A K Moran 4/93 & LaBel 941EEE Workshop Record DC9219
° B8PS AD7541 ATCYRRIR AD (1250 — ADI — — — — Ba-in? No LU>38 5 w Wil (WP-01) DC 9139 May 93
9 AD7R70 AD (12-5%) LCCMOS non hard ADI —_— —_ —_ — BNL No LU>120 Nichols for SBRC Up to 60 deg C IEEE9S
19 SNL AD7875 AD (12:51) LCCMOS new%.d AD! -_— F4 2€-3 —_ BNL No LU>150 Sexton IEEE94 Workshoo Record, p5S
19 NWSC & A AD42961 rmard ADRTY) A/D (12 b RBCMOS !rad-hard) AD! 5 1.BE-5 { oMset errors, per million samples) 88-in No LU>120 Noise efror cross section = E-5 cm2/MS Tyrftinger, IEEE-NS 94
19 NWSC RAC. 12 (hard ADRT72)  A/D 112:bi%) ABCMOS (rad -hard) AD! —_ 5 1.8E.5 ( o¥set errors, per mitlion samples) 88.in No LU>120 Noisg error cross section = 1 E.5 cm2/MS Tyrftinger, IEEE-NS 94
e WRON HiS74 A/D (12:5i CNvOS HAR _— 10 BE-S —_ BNL “J No LU>120,12/94 HON SEU data, DC9210,10/92
e GDO $PT7922 AD [12-50 Bipotar sGP 34 1.5E-3 [defta V = 55mV) — BNL NolLU>120LaBet, 94 IEEE Workshop Record
‘e GODO HS5212 AD (12-bit) Hybrid SIP —_ -14 1E-3 —_— BANL No LU>80 LaBel 2/94 34SEE Symposium
19 HON HS5214 A/D (12-5if) Bino'ar hvbrid sip SAR only <11 Paratlal 1563 — SNL NolU>»>27 Seria! Mode: SEU LET(?)=1 6, 2 9E-S cm2 233
9 HON 455214 (AD5214) AD (12-51 _— s —_— <!, Parallel 1.5€.3 — BNL? NolU 37, DC 9247 2/16/93
19 Y SPET4AUB AD (12:b1 Some MOS Ste — — — BNL LU(th) -26 withfarge variability Some sot error data 93
% GOD AD676BD AD {16-bit) Hybrid CMOS & &MOS 1! ADI — <4 Not obtained —_— BNL LU(th}=25 LaBel, 94IEEE Workshop Record Tested 6/93
19 Ban ADSTT A/D (165N Hybri¢ CMOS & 8iMOS 1 AD! —_— 34 See 1EEE paper ramarks) anNy L1221 fset-correcti ng):5E-5 CM2 Compare ADSTS O Witson 0", IEEEX
9y ADS7805 A/DIE bit) CMOS/epifl7 mic ) |uUR J— — BNL LUMh) <<38 12/94.
9 KGO0 Css327 A/D {16 bith stereo CwmoS {anatog 6 digital chip! CRY —_— 3 SE-3(W.C. digital chip) —— BNL No LU>I15 7/93 Digital more susceptible than analog chlp 0 V input only
9 A MAX1OS A/D(16.bit) BICMOS WMXM — — — 88.in LU(th)=40; 5E-5 cm2 Koga * 984
9 A HS9S76RH A/D{16-bi1) CMOS Hybrid St _— 3 SE—4 B8-in No LU >100 Jan 1592
20 N ART2815T & famity DC/DC Power Convertar rad nar¢design!iC'setc! ADA —_ »A2 —_— —_— BNL No LU>83 Tested Fob 94. D. Myers, J41EEE Workshop Pecord.
20 A ATW2BXX DC/OC Converter modute  CMOS (onetC) ADA —_ — —_ 88.in LU(H)=51.R0; ~-1E-6cm2. Ot 1991
2 Goo MFL2B15D DLC/OC Power Converter —_— e 451060 (vo'tage Crop} —_ 8NL No destructive cond. @ LET>72. 11/94
20 GOD MFL2815S OC/DC Power Converter — e No transient errors >72 —_— BNL No destructive cond. @ LET>72. 11/94 -
20 GDD MFL28125 DC/DC Prover Converter  ~—— i — 50 tvoltage epikae) sEs o, Snikes ara DAY, §C.8 gm2, <20 nanns. No dastructiva cond @1 ETLT2 14/Gs
20 GDD NEILIANK S DCIDC Powne C onvartor —_— e —_ Np transiant arrore >72 —_ aNt No destructive conc. @ LET>72, 11/54
20 GDO 2690R-D1SF DC/OC Power converter MDDt —_— 410 R freset arrors) SE 4 (reset errors) —_ BNL No destructive cond. @ LET>72. 11/94
20 GDD AHE281SDF/ICH-5LV OC/DC Power Converter  Bipolar ADA 20 (SwitchoM errort 1 E., —_ BNt Destructive cond. @ LET=27 (SEGR?) Power MOSFET switching "on* (7/94)
2?2 GOD AHE2RISD/MHS DC/OCPower Conve rter Bipotar ADA —_— 20 (Switchotf error} 1 E-4 BNL Destructive cond 0 LET=27 (S EGR?) Power MOSFET switching “on® (1 1/94)
oA spane B Nividp by aight Bintar B0 UE arnrace e e L Mot an i isas oo Thoga, "TOTRENG 2250 Sopnsteatal phase R amplitude magsurements
21 BPS MC145158P2 PLL Freq. Synthesizer Unknown See DC's. MOT — 17413 3E-4 Not appticatie uw? No LU>38. 10/92 & 5/03 W. Will (WP-01). DC: QY9141 & Q0ST9217
2t 1BMm wD33 92 A SCS! Bus Controfler Unknown wDC <37 Rates gven — _— BNL No LU>37. 503, WP-2 (Jim Poflock}
21 1Bm ADS 10CH0JTN0 Disk Controtar Unknown wDC <<37 Rates given —_ -_—_ BNL No LU>37. /93, WP-2 (Jim Pollock)
21 GDD SSP.21110.025 Solid State Power Contralter Hybrid {ASICs, power FETs, etc.'DDC >80 —— _— —_ BNL No translents, SEB, SEGR for LET>80. LaBel Test 2/94
FAREN c151s) Q7420 Tamnie & Hold NOMOS 11 2 mic) rad hard HAR 20 5E-£ —_ BN No LU>80. LaBel 1/93 & Q4IEEE Workshoo Fecard
2y DON6BE Power SCR Discrate. BV=400V sSD >0 11 8t 0 and 60 deg.! BNL No SCR tum-on at LET=60 or aftactive LET=115 Ses faflowing entry. 7/07
FARNEN] D777 A Power SCR Discrete, BV=400V SSO — >80 " at 0 and 50 deg ! eNt No SCR tum-on at LET=60 or e'*ective LET=115. See preceding entry. 7/93
VAR ¢1alal EMYO Praciginn Ogoiflator Hyhrid Ciecyit PAL — »85 ant No L'J>85. 7/93 LaBe!, IEEEI3 Workshop Record
2t GDD HFDARD 1 -N0? Finar Ontir Racaiver TTH tntageatart HOW —_ -2 7E-2 o8t PaNal 129G Oparatad as oair with wing antry Pinton data svigta
P ann HE EaReanen Fihvor Optic Yrangmitar T trrpgratnd HON 2 e aNL LaRel 12730 Ooperated as a pair with precading entry
2t GDD ooL2mTX Fiher Opve Transcaiver Ripo'ar/GaAlAs ATT A2>SEL!>45 ant No LU>82. Test /94 LaBel B4IEEE Workshop Pecord
2t GDD O0L2M REC Fibar Ophc Raceiver idinde} Binnlar/GaAlAs ATT — -3 2,0 SE-4tdnpends on c'ock rate aNe No LUs 82 Tagt 1/84 1 3 Ral SAIEEE Warks hop Record
AN 9407 4.Rit Data Reg Bipolar-TTL FAS 32 <29 TE-4 22 88in 4 registers
2 ! 9407 4-8i Dara Reg Bipotar- it FAS 32 15 14E-4 400 £8in 4 registers Here 1L 1s seen 10 be harder than TTL (above )
2t s L29C520 Pipatined Regis'er CvOS L0t - — BNL LUt} =26: 5E-5 em2 3/93
2t A LTC1084 Low Pass Filter CMOS LTN — - - 8R.in LUIth)= 15; 3E-4 cm2 See foltowing Dec 1592
2t BPS LTC1064 Low Pass Filter CMOS LIN — —_— uw? LUth)=11;1E-2 cm2 O LET=385 WP.0'; Wes Wit May 93
2 CNES SOR 5053 Coder CMOS SOR — — 1PN LUtth) .9 Chapuls 90
21 HON AD2S80 Resolver Dig. Conv. —_— AD! — 34 — 5. oo (sat Worst Casel aNL No LU>37 DC 9227 2/17/03
AN HSRD 1056 Resolver Dig. Cony. Hybrid BH CWOS NTL 16 tasted -3 SE-5 - anL No tatchup LET>I10 Dec 1991

*J=J PL [D Nichol 5!, A= Aerospace R Koga! R=Rockwell or IRT 1§ Picke!!, SNL= Sandia, NTT=Nippon Tef & Te! Corp HAC= Hughes (E1 Segundo, CA) CNES= Centre Natlonal d E'udes Spat ia'es (France), GD=General Dynamics (J Eltiott, SEE Symp 90),
ES A= European Space Agency HON=Honeywell, Saab= Saab Since (Sweden), HAR= Harris Corp Gov't Aerospace Systems Div Matbourne, FL. LIN= Lincoln Labhe- MITIV Sterrino) NRL= Nava! Receaarrhd aboratons fWashinatonD G )

BREL = Boeing Research Laboratories, Seattle, BDS=Boeing De'ense 8 Space Group (Seattle), S3. S-Cubed (La Joa, CAl. Clem=Cemsaon University, MMS= Malra Marconi Space (France), HAC=Hughes Space & Communications (L A )

NM=Martin Mariefta Asrospace (Valiey Forge, PA), DASA=Deutsche Aerospace AG Mun ich), GDD=NASA Goddard (K LaBel), NWSC= Naval Weapon Support Center (Crane, IN), CERT=ONERA/CERT [Space Technotogy Deed | Toutouse France
MOT=Moptorola GSIG (Tet Pang), LLNL= Lawrance Livermore Nat1Lab (J R Kimbrough), ALC. Alcatet Espace (Toulouse) (P Calvel]

McD= McDonnett Douglas Hunting!

v Beach, CA (2

), PHY = Physitron, San Diego

"*LET is eMective (angle corrected) Linear Energy Transfer m MeV/img/icm2)

- Unles s otherwise no'ad, the cross sec’ion (upsets/fiuence par device) s grven for 120-360 MeV Kr or Brions at normal incidence, having an LET =37 MeV/(mg/cm?2)

Cross sections for par's having LET>2 D are typi cafly for xenon or iodine ions and may include the effective LET of higher angle (grazing) ion incidence

*** CIT 15 Cat Tech Van de Graaft; ORNL is Oak Ridge 75 MeV Tandem Van de Graa®; Cf-252 15 any C1-252 raciiry, GSt=German high energy cyclotron at Darmstadt; Orsay is French 1PN cyc'otron; BNL is Brookhaven Nationa' Laboratory Tandem Van de Graaf!,

GANIL is Cyclotron at Caen_ France, 1PN is Tandem Van de Graa'f at Insti tut Physique Nucteaire, Orsay France, UW 1s University of Washing ton Van de Graaff; other facitties are U C Berketey Cyclotions




